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1. BBEilEH~E 

Hcc.ne,QoBaHf.1e R,QepHbiX peaKt.~J.IIait, npoXOARW.I-1X c yllacnteM c.no)t{HbiX 

BbiCOKOB036y}!(,QeHHbiX COCTOfiHHill fl,Qep t npOBO,QJ.iTCfl Ofibl!.lHO Ha OCHO

ee CT8Tit1CTHI..leCKOait TeOplt1J.1 1 nOCKOilbKy BKilBA paBHOB€CHOrO Mexa

HH3Ma 80 MHOrJ.IIX CI1Y4BflX OKa3biB8€TCR nO,QaB.nA~W.f.1M. 0npe,Qe!1R~W.Y~ 

p0!1b BO BC€X npaKTJ.14eCKJ.1X npH!1Q)t{eHf.1fiX CTBTit1CTJ.14eCKO~ T€0PHH 

AA€PHbiX peBK\.1\.IIj;:; ~r~rpaeT n.nOTHOCTb ypOBHeait B036y>t<,QeHHbiX R,Qep. 

AflR ee Onf.1C8H\ttfl Wf.1POKO lt1Cno.nb3yeTCfl MO,Qeilb $epMit1-raaa/1/ , 

B KOTOpOait OCHOBHbiM FtBilfleTCfl napaMeTp a n!lOTHOCTIII ypOBHeill, 

CBfi38HHblait C nilOTHOCTbiO 0,QHOI.l8CT\.14Hb1X COCTOfiHL-liiJ B6JU131-1 3Heprlo1J.1 

$epMit1. H3B€CTHO, 4TO HB Be.nf.14J.1Hy napaMeTPOB MO,Qe11H OK83biB810T 

cylll,eCTBeHHOe BI1J.1RHf.1e KBK o6o.n04e4H8fl CTPYKTypa O,QHOI.lBCTJ.III.lHOro 

cneKTpa, TaK 1-1 napHble KoppenAUI-11-1 ceepxnpoeoAAUJ,ero Tl-1na 12.s/. 

B peaynbTaTe napaMeTp nnoTHOCTH ypoeHe~ MOA€111-1 ¢epMH-raaa 

OK83bi88€TC.A 38BI-1C.AUJ,HM OT 3Hepr~t~H B036Y}I(A€HH.A. TeM H€ M€H€€ 

3T8 MOA€11b npOAOJ1}1(8€T HCnOJ1b30B8TbC.A B MHOrOllltiCJl€HHbiX np~t~no

*€Hiti.AX, OAH8KO BM€CTO 3HeprHH B036y*A€HI-1.A BBOAHTC.A 3¢$eKTHB

H8.A 3Hepr~t~.A U·)clJCfr U- 0 , rAe B€Il!-1llHHa & onpeAen.AeTC.A T8KHM 

o6p830M, llT06bl MO*HO 6bii10 OnHC8Tb pa311W·H1.A 8 ni10THOCTlo1 YPOBHealt 

ll€THbiX 1o1 H€1...1€THbiX AA€P • 

Ha~~tfionee ofiw~t~pHa.A 1o1 TOllHaA ~~tH¢opM8UH.A o nnoTHOCTH eo36y~

A€HHbiX COCTO.AHH~ .AA€P nOJ1Y48€TCA 1-13 A8HHb1X no nilOTHOCTH Hei1T

pOHHbiX pe30HaHcoe. Ha ocHoee 3THX A8HHbiX GbiilH nocTpoeHbl paa-

11H4Hble otcTeMaT~t~KH napa MeT poe nnoTHOCTH ypoeHe~ I 4 -7 I, ~t~cnonb

ayeMble 8 p83J1HllHbiX npHI10*€HH.AX. 

nap8M€TPbl 3THX CHCT€M8THK AOBOJlbHO 38M€THO pa3.m1ll810TCfL 

no3TOMY HeOfiXOAHMO npHBJ1€ll€HHe A8HHbiX H3 APYr~t~x HCT04HHK08: 

npAMOH ClleT ypoeHe~ npH M8IlbiX 3Hepr~t~.AX I AO 3HeprHH CBA3H/, 

A8HHbl€ 8H8Jlvt3a ¢I1YI<TY8U,HH WHPYIH VI, H8KOH€U,, VIH¢0pM8U,H.A 06 

3HepreTvt4€CKOH 38BvtCYIMOCTH nJlOTHOCTH ypOBHeM lo13 cneKTpOB 

ll8CTHU, nOKHA810UJ,HX Clo1JlbHOB036Y}!(A€HHbl€ AAP8. 50J1bW8.A ll8CTb T8-

K!IIX cneKTpoe yx<e Aae/so aHan!ll3!11pyeTCA c noMOUJ,bto H3BeCTHoro co

OTHoweH~t~A Ba~cKon¢a sl 

N(E)dE~ const•E·a,(E)· w(U)dE, /1/ 

rAe N(E) - cneKTpanbHa.A HHTeHCHBHOCTb eblneTa HyKnoHa c 3Hep

r~tteH E , ac (E) - celleHHe o6paTHOro npouecca, w(U) - nJlOTHOCTb 

B036y}\(A€HHbiX COCTOAH!II~ OCTaTOllHOrO AAP8 C 3Hepr~t~ei:1 B036Y}!(Ae-
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HVIR U • 3HeprVIR E '-laCTVII.4bl B BbiXO,QHOM KaHane 14 3Hepn1R B03-6y>K,QeHVIfl U OCTST04HOrO R,Qpa CBR3SHbl COOTHOWeHa-teM 
U ~ Ep + Q -E. 

/2/ 
rp,e E p - 3HeprVIB HaneTSIOt.llei:1 4SCTI41.4bl B 01CTeMe 4eHTpa MSCC, Q - 3HeprwR peaK1.4~14. 

npVI BbiBOAe C00THOWeHY1R I 1 I cosepweHHO He Y'"'I14TbrBanoCb BJ1J.1RHI4R yrnosoro MOMeHTa. CTporoe Bb!Pa>KeHV!e AnR 3HepreTH4ecKoro pacnpep,eneHHR, npOHHTerpHpOBSHHOrO nO yrnaM, V!MeeT BI1A /g, 10/: 
duab 
--·= 

TT I a+ ia 
--------- y k!( 2Ia +1)(2ia + I) s.~lr.-i.l 

131 
J+ pb 

(E b) y 
sb~IJ-fbl 

rAe Ia, ia, J , Ib, ib - Cm1Hbl RApa-MJ.1WeHI-1, HaneTaiOt.~.~eH I.ISCTJ.1-l4bl, KOMnayHA-R.Qpa, OCTSTO'-IHOTO RAPS BbiJleTaiOt.~.~eH '-ISCTH4bl, COQTBeTCTSeHHO. 

Ecn1-1 K03$~1.4J.1eHTbl npOHI-14aeMoCTI-1 aasVICRT T011bKO oT op6HTanbHoro MOMeHTa, ypasHeHV!e 131 MO>KHO npeo6paaosaTb K ypaaHeHVI~, nop,o6HOMY Ill /9/ , npl-1 npeAnOno~eHVIVI, 4TO 3SBI-1CI-1MOCTb nnoTHOCTVI ypOBHei:1 OT Cni-1HS I-1MeeT aHA 

p (U,J)=(2J+l)p(U,J=0). 
/4/ 

TorAa s ypaaHeH~VI /1/ aMecTo nonHo~ nnoTHOCTH cocTORHVIi:1 6yAeT CTORTb nJlOTHOCTb ypOBHei:1 CO cnVIHOM, paBH~M HYJliO. 0nOTHOCTb B036Y>K.IJeHHbiX 
Ha-teM/1/ 

COCTORH1-1H B MOP,eJll-1 Cf)epMH-raaa ASeTCR BbiPS>Ke-

!51 
):lnR nnOTHOCTI-1 ypOBHea1 C P,SHHbiM CnVIHOM MO)I{HO HSnVICST·b /t/ (2J+I) a-r/4 
p(U,J)~ --.::::-- ---,-,exp l2v' a(U-8)-24-.}2 a 3 (U- of'1 4 

!6! 
3AeCb a - napaMeTp CnVIHOBOH 3SBHCVIMOCTH nnOTHOCTH ypOBHeH. 06bi4HO npOB0Al4Mbli:1 SHSJll-13 CneKTPOB 4aCTVI4 HS OCHOBe COOTHOWeHVIR I 1 I 3aKn104aeTCR a on pe,qeneHVIIII RAepHoH TeMnepaTypbr 1 d -=-lnp(U) 

171 T dU 
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no aHepreT~t~llecKo~ 3as~t~CVIMOCH1 ln l -E ~~E) I. ecn111 CelleH~t~e 

o6paTHoro npo~ecca MOAen~ttpyeTcR TeM ~ttn~tt VIH~M o6pa30Mo 3aTeM 

no RAepHo~ TeMnepaType onpeAenRercR napaMeTp nnoTHOCTVI ypoa

He~ 
1 n 2 

a.(-+-)U. !8! 
T U 

3HalleHl1e n onpeAenReTcR noKaaaTeneM cTeneHH npeAaKcnoHeH~H

anbHOro MHO>!<VITeJ1R B Bblpa>KeHl-1\11 Allfl nJlOTHOCTl-1 COCTOfiHl-1~ /5/-/6/ 
\II 3¢¢eKTl-1BHO CBfi38HO C Wl-1PYIHOi1 YIHTepaana yrJ10Bb1X MOMeHTOB, 

Y48CTBY~~Hx a A8HHOM npo~ecceo napaMeTp nnoTHOCTVI yposHe~ MO>K

HO VI3BJ1eK8Tb HenocpeA_I:;TBeHHO L-13 H8KJ10Ha seJ11..1llVIHbl ln j N(E)(U-Q)n/Ea ! 
B 38BVICVIMOCTVI OT (U-8)~, TaKOi1 8H8J1V13 npOBOAVIIlCfl BO MHOrl1X pa-c 

6oTaX, ·rAe L-13Yll8J1VICb cneKTpbl K8K He~TpOHOB, T8K VI 38Pfl}'{eHHbiX 

ll8CTVI~/ll/, 6blf!a nOJ1ylleH8 YIH$OpM8ltVI.R B WHpOKOH 06Jl8CTVI M8CCQ-

BbiX 4VICeJ1, KOTOpaR, OAH8KO, .RBJ1ReTC.R HeCKOJlbi<O npOTYIBOpe4HBOi1, 

nOCI<OJ1bKY AO CHX nap He RCHO, H8CKOJ1bKO nony4eHHble napa

MeTpbl OT JlVIll810TCfl OT AaHHbiX no nnOTHOCH1 HetliTpOHHblX pe30H8HC08 

VI co8naA810T Il\11 YIX 3HalleHH.R, onpeAeneHHble no He~TpOHHblM cneKT

paM VI cneKTpaM 38pR>KeHHbiX 48CTHLt o 0T8eT Ha 3T0T BOnpOC C8fi38H 

C Ot.teHKOtli TOllHOCTH TeX npV1611J.-1>KeHVItli, KOTOpbte HCnOJ1b3YIOTCR npVI 

TaKoM aHan~t~ae, pon~tt yrno8oro MOMeHTao 

~3-38 CJ10>!<HOCTYI T04HOtli TeOp\IIYI VI He06XOAHMOCTVI np08eAeHl-1R 

rpOM03AKVIX llVICJleHHbiX paClleT08 6btl10 npeAnpHH.RTO JlVIWb HeCKOJlbKO 

nonbiTOI< cpaBHeHVIfl pe3yJ1bTaTOB, nonylleHHbiX H8 OCHOBe TOllHOi1 

TeOpVIVI VI C l-fCnOJ1b308aHHeM COOTHOWeHl-1R 8atliCKOn¢a /1//11.12/9 pa-

6oTef12/ H3yllaJ1l-1Cb cneKTpbl 4aCH11..t 8 pe8Klt\IIRX C 38p.R>KeHHbl~ltl 
48Cn1~aMio1 (p,p') ,(p,o:), (o:,P) ,(o:.o:') B 06J18CTVI M8CC08biX lllo1CeJ1 

A- 60 npVI 3HeprH.RX HaneTaiO~Hx npoTOH08 Ep=l 1+13 MaB H anb<.ba

ll8CTI-1Lt Eo: = 14+17 ~138 0 3Kcnep~t~MeHTanbHble cneKTPbl aHant-t3Hpo-

8am·1Cb H8 OCHOBe TOllHbiX COQTHOWeHVI~ /3/, OTKYA8 6biJ11-f onpeAene

Hbl napaMeTpbl nilOTHOCTL-1 ypOSHei1 a VI 8 o 3aTeM 3TH }!(e napa

MeTpbl onpeAeJ1f!J1VICb C nOMOIL\biO npH6J1VI}I{eHHOrO COOTHOWeHH.R Ba?ic

KOn¢a /1/o 3Ha4eHio1fl OK838J11o1Cb 38BHCflll\VIMH OT Tl-1na lo13y4aeMO~ 

peaKt.tHHo 

8 pafioTaX, B KOTOpbtX 8H8J1H3HPYIOTC.R CneKTPbl 48CTVIlt H8 OCHOBe 

COOTHOWeHHfl /1/, VICnOilb3YIOTCfl p83J1VIllH~e 3H8lleHH.R n , 1.1 V138J1e

K8eMble napaMeTpbt MOryT CYIIlbHO OTJ1Hll8TbCR o KpoMe TOrO, All .A 

1.1cnonbaosaHV1R cooTHoweHVI.R I 1 I HaAo, llT06bl 3HalleHHe 3HepreTVI

llecKoro CABt-tra 8 f5biJ10 aapaHee H38eCTHOo no3T0MY All.R TOllHOrO 

onpeAeneHHfl napaMeTpa a n.nOTHOCTVI ypOBHe~ MOAellH $epMH-ra3a 

He06XOAHMO HCnOJ1b3088Tb CTpOry~ TeOpHn, 8 KOTOpO~ yr.noBO~ 

MOMeHT yllHTbl8aeTCFI HenocpeACTBeHHo, B pa6oTe lis/ \.13y4an~t~cb 

cneKTPbl He~1TpOHOB 8 peaKt.tH.RX (o: ,n) Ill (p,n) np~t~ 3HeprVIVI npOTQ-
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HOB Ep = 8+15 MaS 1-1 a-4acnn.t Ea = 12+20 MaS. Haene4eHHb1e 
napaMeTp~ OKS3SJ1HCb B OCHOBHOM 8 npeAenax, AS8aeM~X CHCTeMa
THKSMH/4-6/ • TaKO~ 8~BOA KS~eTCR A080!1bHO HeOnpeAe!1eHH~M, 
€CJ1H Y4€CTb, 4TO 3HS4€HHR napSM€TPOB 8 3THX CHCT€MSTHKaX 
BSPbHPY~TCR B WHpOKHX npeAeJ1SX. 

2. METOA PAC4ETA ~ AHAD~3 PE3YDbTATOB 
nony4€HH€ ASJ1bHei1we~ HH¢0pMS~HH 06 3HepreTH4eCKO~ 3SBHCH

MOCTH nnOTHOCTYI ypOBHei1, 8JH1RHHH 060J104€4HOi1 CTPYKTYPbl H oc
TST04H~X 83SHMOAei1CTBH~ CBR3SHO C paCWHP€HH€M Ofil18CTH 3HeprHi1, n03TOMY H3Y4€HHe peaK~Hi1 npH 60!1bWHX 3HeprHRX RB!1R€TCR BeCbMa >K€!1ST€J1bHbiM /14/ 0AHSKO C yB€J1H4€HH€M 3HeprHH HBJ1€TSIOIJ.IHX LISCTH~ npo~ecc YCJ10~HR€TCR, nOCK0!1bKY B03pSCTSeT BK!1SA fiO!lbtrH1X MOM€HTOB, CTSHOBHTCR B03MO~H~M B~!leT H€CKO!lbKI-1X 4SCTH~, H npoB€A€HH€ pac4eTOB HS OCHOBe T04HOi1 TeOpHH eute 6onee 38TPYAHH
Te!lbHO. 8 TSKO~ CHTYSLtHH B03paCTS€T POJ1b npOCTblX annpoKCHMaJ.V•H1 
J.1 CBR3SHHS.R C 3TJ.1M OLt€HKS T€X npJ.1fi!1J.1>K€HI-1i1, KOTOPbl€ npH 3TOM 
HCnO!lb3yiOTCR. 

8 ASHHO~ pa60T€ HS OCHOBe TeOpHH KSCKSAHOrO HCnapeHJ.1R 4SC
H1~ SHS!1H3HPYIOTCR cneKTPbl H€i1TPOHOB 8 peSKI..IHRX (a ,Xn), (p, Xll) , 
(n, xn) npH 3HeprHRX HaneTaiOuti-1X 4SCTHLI En = 14 MaS A!lR HeHTpo
HOB, E p = 22 MaB A!1R npoTOHOB H Ea = 45 MaB A!l.R a -4aCH1Lt 
PaC4€T npOB0AH!1CR C TOLIHbiM y4eTOM yrnoeoro MOM€HTS Ha KS>KAOM 
3Tane Hcnap1·1Te!1bHOro KacKaAa Ha ocHoBe nporpaMMbl GROGI-2115/ 
n03BOJ1.AIOIJ.I€i1 AeTS!lbHO npOC!1€AHTb 38 pacnSAOM B036Y>KA€HHOrO CO~ 
CTSBHOrO RAPB C B~J1eTOM Hei1TpOHOB, nPOTOHOB, S!1b$S-4SCTJ.1Lt H 
raMMa-KeaHTOB. Bee 3TH BHAbl pacnaAOB, BK!1104SR Af.1no.nbHbre H 
KBSApyno!lbH~e raMMS-KBSHTbl, CB060AHO KOHKYPHPYIOT B COOTBeTCT
BJ.11-1 C ¢a30Bb1M OfibeMOM B KS>KAOM KaHane, 

Ha4a!lbHO€ pacnpeAe!1eHf.1€ R 11 (E, j ) COCTaBHOro RAPS no 3HeprHJ.1 H yrnOBOMY MOM€HTY onpeA€!1R€TCR HS OCHOBe OnTHL!eCKOH MOA€!1H C K03$$Hl.IH€HTSMH npQHHLt8€MOCTH /16/ , Bbi4HCJ1€HHbfMH C napaMeT
paMH, peKOM€HAOBSHHbiMH B pa60TSX /17 -19( 3aTeM AJlR KS>KAOro 3Ha-
4€HHR 3HeprHH H cnHHS (E.J) paCC4HTbiBS€TCR pacnpeA€J1€HHe 0CTa-T04HOrO RAPS p 11_ 1(E,.T ), T. e, A!1R KS>KAOro BHAS pacnaAa H acex 803MO>KHbiX 3HSLI€HHi1 (E,J) Bbi4HCJ1RIOTCR B€J1H41-1Hbl 

-- J+s J+S Rg; (E,J;E.J)=p;(E.J) l l_ 
S=I.J->1 f=l J-sl 

191 
r,Qe i 0603Ha4aeT BbiJl€TaiOI.J.IYIO 4SCTH~Y /HetiTpOH, npOTOH H1lJ.1 anb¢aLISCTH~Y/, Pi (E, J) - nnoTHOCTb ypOBHeti OCTaT04HOrO RAPS, S -
cnJ.1H Bb1!1€TaiOI.J.Iei1 4SCTH~bl, Tif (En)- K03¢¢HU.HeHT npOHI-1~aeMOCTH 3TO~ 4acTH~~~ 3HeprHeti En H op6HTSJ1bHbiM MOMeHTOM F ~ 3Ta ae-
1lH4HHa Rt.t i (E.J; EJ) nponop~HOHSJ1bHa eepoRTHOCTH 3MHCCHH 4aCTH-



l..tbl \.13 R,Qpa 11 • lJ..nR pS,QIIIal.IIIIOHHOrO KaHana COOTBeTCTBYIO~ee 

BblpS>K€HHe BepORTHOCH1 3MHCCI-11-1 IIIMeeT BH,Q: 

R E-· ~ 2L+l "v ( ,J,E,J)= ._t;L E p (E,J), 
L y " 

/10/ 

r,qe Ey- -3HepntR $OTOHa, L- MYilbTvmoilbHOCTb nepexo,qa, (L

KOHCTSHTS, 06ecne4HBSIO~aR HOpMV1pOBKY no 3KCnepV1M€HTa1lbHOMy 

3HS4€HHIO pa,QV1S4V10HHOH WJ.IIPHHbl. HopMV1posaHHSfl sepo.RTHOCTb 3MJ..1c

CV1V1 ,QSeTCR 0THOW€HIII€M 

/11/ 

G = 1 ~ f R"i(E,J:E,J)dK 
,) 

/12/ 

CyMMV1posaH1.1e no B03MO)f(Hb1M n.maM pacna,qa BKill04aeT ,QHno!lbHbJe 

Y1 KBS,QpynOJlbHble raMMS-KBSHTbl V1 TPII1 BV1,QS 4SCH1U. 

Pacnpe,qeneHV1e ,Q04epHero R,Qpa no 3HeprHV1 "' MOMeHTY onpe,qe

JlAeTCR C00THOW€HHeM 

/13/ 

s1;i1E,)= ~ ~ P, iE.J )~R 1d (E,J:E,J) /Jl!/ 
E .J .J 

nocne pac4eTos eem-1LlvtH /9/-/14/ scex so3MO>t<Hbtx a·YIAOB pacna

,qa ,Q!ll=l T04KV1 (E, :f) B MST€PHHCKOM fi,Qpe, 3TH )!{€ BeJH141AHbt pac

C41-1TbiBaiOTCfl 1-1 AI1fl scex ocTailbHbiX T04eK Ha4al1bHOro pacnpe,Qene

Hit1fl, a nOI1Y4€HHbl€ H0pMit1POBaHHbl€ BKJ1a,Qbl CyMM1t1PY10TCfl. 8H08b 

C03,QaHHO€ pacnpe,Q€11€Hit1€ ,Q04€pHerO A,Qpa CTaH081t1TCfl !r!CXO,QHbiM 

Ha cne,QyiO~eM ware lt1CnapHT€11bHoro KacKa,Qa, H 8Cfl npo~e,Qypa 

n08TOPfl€TCfl. 

Ba)f{He~wel-1 xapaKTep~t~CT~t~KoH 3Tit1X pac4eTo8 fl811fleTCR nnoTHOCTb 

ypo8Helii pi (U,J), KOTopaR 8bl6~r~panacb 8 MOAeJ1H ¢epM~t~-raaa /6/" 
Ha p1t1c. 1 npe,QcTa8neHbl pe3yJ1bTaTbl pac4eTOB cneKTpo8 HeHT

poH08 s peaKL.l~t~~t~ 18ITa(a, xn) np111 3Hepr~t~lt1 anb¢a-'-laCTit1U; 45 MsB 

,Qilfl pa3J1\114HbiX Ha60p08 napaMeTp08 nJ10TH0CTit1 ypOBH€~ a H 0 , 

np\.18e,QeHHbiX 8 Ta6n. 1 ,Qll.R Ka)f{,QOro wara ~t~cnap~t~TenbHoro KacKa,Qa 

80 8C€X KOHKYPII1PYIOli.II-1X KaHanax, 3,QeCb )f{€ nplo1S€,Q€Hbl 3KCnep~t~MeH

TaJ1bHble ,QaHHbl€ \.13 pa60Tbl /14/ no cneKTpaM Hei1TP0H08, npoHHTe

rp~t~pOBaHHbiM no yrnaM~ CseTnb1Mit1 Kpy)f(KaMH noKa3aHbl nonHble cneKT

pbr, T€MHb1Mit1 - BKJ1a,Q paBHOBeCHOa::i KOMnOH€HTbl, nony'-I€HHOI1 nyT€M 

Bbi,Q€11€Hit1R BK!la,Qa, aC!r!MM€TPV14HOrO OTHOCit1T€1lbHO yrna 90°. 8KJ1aA. 

aCit1MM€Tpvt4HOiii KOMnOHeHTbl B U,€JlOM OU,€HHBaeTC.R 8 npe,Qenax 7+10%/ ~ 4/ 
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PHc. I. Pe3ynnTaTbJ pacl..leToB crreKT
poB aeHTpOHOB B peaKI..J;HH 181 Ta( a ,xn) 
rrpH ::meprHH a.rrbcPa-l..lacTHII; E = 45 M3B 
H 3KcrrepHMeHTa..rJbHble .o;aHHbie1 141• CBeT
nwe KpYJKKH - IIOJIHbiH crreKTp, TeMHbJe -
paBHoBeCHaH ero l..lacTb. IIapaMeTpbi 
pacl..leTa npHBep;eHbJ B Ta6n. I .o;.r:m 
Ka~oro 3Tana acnapHTenbHoro KacKa.o;a 
BO BCeX KOHKypHpyw~X KaHanax. 

Ta6n:au;a I 

IIapaMeTpbi rrnoTHocTH ypoBHeH, HCTIOJ!b30BaHHbie B pacl..leTax 
cneKTpOB B peaKIJ;HH 181 Ta(a .xn) 180 Re, /pHc. 1/ 

II a- s ao J~ a.p JJ, Qo( z~ lll8-
ra MaB-I MsB-I MaB-I MaB MaB-I MaB MoB-I MaB I 
I 24,0 O,OI 24,0 -0,0! 24,0 0,0] 24,0 0,0! 
2 20,0 O,OI 20,0 +O,DI 20,0 o.oi 20,0 O,OI 
3 !8,0 o.oi I8,0 +O,OI !8,0 o.or !8,0 o.oi 
4 16,0 O,OI I6,0 +O,OI I6,0 0,0] I6.0 O.DI 
5 I2,0 

2 
o.or I2,0 +O,OI I2,0 O,OI I2,0 O,OI 

!8,64 -0,8 I8,0 -0,8 I8,0 -0,8 I8.0 -0,8 
24,53 0 24,4 I .2 24,4 I.2 24,0 
24,4 I.2 24,3 0 24,27 2,4 23,87 
24,27 0 24,I I,2 24.I3 I.2 23,73 

3 
24,I3 I,2 24,0 0 24,0 2,4 23,6 
20,0 O,OI 20,2 o.or I9,7 0,4 I9.4 -0,8 
20,2 o.or 20,0 O,OI I8.4 -0,7 I9,4 -0,3 
20,0 O,DI 20,0 -0,8 I9,7 0,4 I9,0 -0,4 
20,0 -0.8 20,0 O,OI 20,0 0,01 20,0 O,OI 
20,0 O,OI 20,0 -0,4 20.0 O,OI 20,0 O,OI 

4 
24,67 I.2 24,53 0 24,53 2,4 24,I3 I.2 
24,53 0 24.4 I,2 24,4 I.2 24,0 0 
24,4 I,2 24,27 0 24,27 2,4 23,8? I.2 
24.27 0 24, I3 !,2 24,!3 1,2 23,73 0 
24, !3 j ,2 24,() 0 24,0 2,4 23,6 I,2 



KYIO 43CTb CneKTpa 

PHc. 2. CneK Tpbi HeliTPOHOB Ha KaJK,D;oM 

3Tane HcnapHTenhHOro KacKa~a, a TaK

)Ke CYMM3pHblti: BblXOA neti:TpOHOB H raM

Ma-KBaHTOB. UH~Phl y KPHBb~ o6o3Haqa

toT HOMep 3Tana, ~-cyMM3PHblii: cneKTp 

Hei='npoHOB, E 1 - AHnonbHbie, E 2 - KBa,o;

pynorrhHbJe raMMa-KBaHTbi. 

Ha pt.1c 2 noKaaaHbl peaynbTaTbl 

paC4€T08 cneKTPOB He~TpOHOB 8 peaK-

1.\1414 181 Ta(a , xn) npH 3HeprHH anb¢la-

4aCTHL\ 45 MaB HS KSmAOM 3Tane t.1Cna

Pt.1TeJlbHOrO KSCKSAS, a TaKme CyMMap

Hbl~ cneKTp He~1TPOHOB \.1 raMMS-KBSH

TOB /At.1nOJlbHb1X 14 KBSApynOJlbHbiX/. 

UYt¢Pb1 y KpYIBbiX o6oaHa4alOT HOMep 

43CTb cneKTpa onpeA6IlR6TCR, B OCHOBHOM He~TPOHSMYI, YtcnycKae

MbiM\.1 HS nocneAylOUJ,YtX 3Tanax t.1CnapYtTeJlbHOrO KaCKSAS - BTOpOM, 

TpeTbeM, 4eTsepTOM. 

06paw,aeT Ha ce5R BH\.1MSHYte peaKoe yMeHbWeHt.1e BKJlaAa He~Tpo-

HOB Ha nocneAHeM, nRTOM 3Tane HeCMOTPR HS 3H34\.1TeJlbHOe npe-

BbiWeHvte 3Hepn1\.1 B036ymAeH\.1R RAPS 
181Re 3Heprt.11-1 CBR3\.1 OKOilO 

4-5 MaB, sepoRTHOCTb pacnaAa no He~TPOHHOMy KaHany peaKo 

yMeHbWSeTCR, \.1 pacnaA np0\.1CXOAYIT C Bb1Il€TOM raMMa-KBSHTOB. 3TO 

CBR33HO C TeM 06CTORTeJlbCTBOM, 4TO np\.1 3Heprt.1\.1 3Jlb¢a-4SCTVIL\ 

45 M3B B RAPO BHOCWTCR fiOJlbWOH yrnoso~ MOMeHT, T3K 4TO cpeA-

Hee 3HS4eHY!e cnwHa COCTSBHOrO RAPS j =16, Hei:1Tp0Hbl, t.1CnapRIO

W,\.1eCfl Ha nepBbiX 3Tanax, I-1MelOT cpeAHIOIO 3Hepntl0 En=1 ,5-2,5 M3B, 

T .e, YHOCFIT MSJlbl~ yrnosoc:::i MOMeHT, 1-1 OCTST04HOe RAPO nocne 

BbmeTa 4eTsepToro Hec:::iTpoHa YtMeeT cpeAHt.1c:::i yrnoeoc:::i MOMeHT J =140 
BepoRTHOCTb BbineTa HeHTpOHa c 3He_prt.1e~ e HecKOilbKO Mera3neKTpoH

sonbT, YHOCRUJ,ero yrnosoH MOMeHT P - 10, npeHe6peHH1Mo Mana, 

n03TOMY pacnaA npo\.1CXOAt.1T, 8 OCHOBHOM, no PSA\.1al.\t.10HHOMY KaHa

ny. 3T(If Ka4eCTBeHHbl6 paccymAeHYtfl \.1IliliOCTp(lfpyiOTCfl pe3yJlb

TST3M(If, npeACT3BileHHb1M\.1 B Ta6n. 2, rAe npJ.1BeAeHbl HHTerpanbHble 

BbiXOAbl Ailfl BCeX KOHKYPHPYIOW,HX KSHSJlOB pacnaAa HS KSmAOM 3Tane 

KSCKSAS, a TSKme nOJlHblill YIHTerpSilbHblc:::i BbiXOA. Ha41-1HSR C 4eTBep

TOrO 3Tana KSCKSAa BbiXOAbl raMMa-KBaHTOB pe3KO B03PacTaiOT 

/np~tt6.n(.131-1T6JlbHO Ha AB8 nOpfiAKa/ no cpaBHeH\.110 C npe,Qb1AYW.I-1M 

waroM, a Ha nATOM OH\.1 CTSHOBFITCfl npeo6.naAaiJW,I-1M(If. B pe3yJlbTaTe 

CYMMapHblc:::i BbiXO,Q raMMa-KBaHTOB OK33blB8eTCfl BeCbMS 3H81.1\.1Teflb-
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Taf5JIHI.I,a 2 

HHTerparrbHbie BbiXO,D;bl p;JUI BC€X KOHKYPHPYKJII~HX KaHaJIOB Ha 
Ka:>K,IJ;OM 3Tarre KacKa.o;a 

Jl KaHaJI pacnallB: mara 
11.-- p E1 E<. o(_ 

I 2.I27' ro3 7,46I·ro-I 3. I92· ro-1 r. 95o· w-1 4.066 
2 2, ng· ro3 1.10 ], 764 8,205'10-l 6,592 
3 2,us·ro3 1,1?9·1o-l ::!,852 9, 762· 10-1 5,673· w-1 

4 1,380'103 3,532'10-2 3,699' ro3 4,359• !02 9,985'10-I 
5 1,762'!01 4,566· ru-1 3,383· ro3 3,510'102 3,902'10-6 

7, 762' 103 2,00 7,088·103 7 ,89o· 102 1.222· ro1 

HbJM - TaKoro )1{€ nop.AAKa, 4TO 1-1 BbiXOA Hei1TpOHOB, 3Kcnepi-1M€HTanb
Hbl€ p8AI-1aUI-10HHbl€ Ull-1pi-1Hbl All.A Al-1nOJ1bHbiX nepexOAOB 6biJ11-1 B3.ATbl 1-13 
pa60TbJ/21/ t Am'! KBaApynonbHbiX nepeXOAOB Ull-1plt1Hbl 6p8!1HCb Ha no
PRAOK MeHbWe, 4€M AnR Al-1nO!lbHbiX. B pac4eTax Y4HTbiBanocb HanH-
4He HpacT-ypOBHei1, 3HeprHfl KOTOPbiX OnpeAell.AJlaCb Bblpa}!(eHH€M 

E,J = (J+ l/2) 2 /2a 2 -t- 8. /15/ 

TaKoe YCI-1l1€HHe paAJ.1aUHOHHbiX nepeXOAOB He MO}f(eT nony4HTb o6b.AC
H€HHH 8 noAXOAaX, He Y4HTbiBaiO~HX .ABHO BllH.AHHfl yr !lOBOrO MOMeH-
Ta. 0AHaKo npl-16fll.·1>1f€HHble cooTHoweHH.A THna I 1 I npoAon-
}f(aiOT WHpOKO HCnOTib30BaTbC.A npH aHal1H3€ 3KCnepHM€HTaJlbHbJX AaH
HbJX, no3TOMY HHTepeCHO 0U€HHTb 803MQ}f(HbJ€ pa3TIH4H.A B H38Jl€Kae
MbiX napaMeTpax, nony4aeMbiX C HCnOJ1b30BaHH€M TOI.lH0£1 T€0PJ.1H lt1 
npH6JlH)I{€HHbJX MeTOAOB. 

Ha PHC. 3 Ha ocHoee coOTHoweHH.A Bai1cKon¢a 111 npoBOAit1TC.A 
TpaAH~HOHHbli1 aHaJ1H3 cneKTPOB H€i1Tp0HOB 8 peaKUHH (a ,xn) All.A 

Ka}f(AOrO 3Tana HCnapHT€JlbHOro KaCKSAa, 0THOW€HHe 

- J1HH€HHafl ¢YHKUHR 3HepntH BbllleTaiO~ero HeHTpOHa 
ro 3Tana KaCKaAa, TaK H ATIR acero cyMMapHoro cneKTpa, HecMoT
PR Ha TO, 4TO A!lR nnoTHOCTH ypoaHei1 Hcnonbaosanacb MOA€11b 
¢epMH-ra3a C Ha60pOM napaM€TpOB 141 H3 Ta6n. 1. no H8KJ10Hy 
3TJ.1X np.AMbiX 6bJ!l8 onpeAe!leHa .AA€PHa.A TeMnepaTypa Afl.A OCT8T04~ibiX 
.AA€P nocne HCnycKaHHR 1, 2, 3 1t1 4€TB€PTOrO H€i1TpOHa, KOTOpafl 
OKa3a!laCb paBHOi1 1,2; 0,97; 0,8 H 0,52 M38 C00TB€TCTB€HHO. 
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10 181 Ta {<;( xn) · E • 45MJB 
' ' .. 

PHc. 3. AHanH3 cneKTpoB HeHTpo
HOB Ha OCHOB€ COOTHOill€HHR BaHc
KOn¢a /1/ AflH K~oro 3Tana uc
napHTenbHOro KacKa.n;a. CoOTBeT
CTBYJOIUH€ R)l;€pHbie T€MrrepaTypbt 

T1 = 1,2 M9B, T2 = 0,97 M9B, T3= 
= 0,8 M9B, T4= 0,52 li9B, T 5 = 
= I,OM9B, 

5 

3To o3Ha4aeT, 4TO np~6n~meH~e 
nOCTOAHHOC1 TeMnepaTyp~ MOmHO 

~cnonbaoaaTb AnA Kam,Qoro OT,Qenb-

0 2 E MJB 
HOro cneKTpa, HO e npo~ecce CHR
T~A B036ym,QeH~A R,Q€pHaR T€Mnepa

Typa M€HR€TCA n04TH B 2,5 pa3a. 

~.QepHaR TeMnepaTypa ADA cyMMapHoro cneKTpa pasHa 1,0 MsB, 
coena,QaR c AA€PHoill TeMnepaTypoH nocne BblfleTa BToporo Hei:iTpoHa. 

TaKOe H3M€H€HH€ R,Q€pHOC1 T€MnepaTyp~ B np04€CC€ KacKa,QHOrO 

HCnapeHI-1A HeilnpOHOB OKa3b1BaeTCA fionee CHJlbHbiM, 4€M MO>KHO 6blJ10 

O>KH,QaTb no 04€HKaM 8 MO,Q€111-1 ¢epM~t~-raaa. 

Yme ,Qonroe apeM~ AnA on~t~caH~~ cneKrpoe ~acr~~ e peaK~~~x 

C yt.~acr~eM BbiCOKOB036y}!(,Q€HHbiX ~,Qep, KOr ,Qa CT8HOB~TC~ B03MQ}!(

HbiM Bb1Il€T H€CKOJ1bK\.1X ~aCT\.1~, I-1CnOI1b3Y€TC~ nOilY~€HHO€ neKyTe

pOM /22/ BblpameH\.1€ ,QJ1~ CYMMapHOrO cneKTpa \.1CnYIJ.I€HHbiX ~aCT~~. 

3ro BblpameHI-1e, BbiBe,QeHHOe .Q!lfl cny~afl, Kor ,Qa ~cnap~erc~ 6onb

woe '-l\.1C!l0 4aCTI-11.~, np\.1M€H~I10Cb ~ TOr,Qa, KOr,Qa Bbl!l€T8J1~ TO!lbKO 

,QBe '-lacn1~bl, T e 0 a peaK~~f1x (n, 2n) , (p,2p) 1-1 r. A. I 23/ • 

8 ¢opMy!le neKyTepa COBepweHHO He y~~TbiBaJ1Cfl yrnosoH MOM€HT. 

Do C~X nop He 6~110 C,Q€J18HO H\.1KaK\.1X O~€HOK, HaCKOJlbKO BC€ 3T\.1 

06CTQ~T€11bCTBa BJl~RIOT Ha I-13BI1€K8€Mbl€ \.13 OnbiTa napaMeTpbl. 

B A8HHOi1 pa6ore 6bl.fll-1 pacc4HT8Hbl cneKTPbl HeillrpoHos a peaKt.t~RX 
181Ta(a ,xn) np1-1 Ea = 45 M3B A!lfl pa3I1\.1llHb1X Ha6opoa napaMeTpos 

C T04Hb1M ylleTOM yrnosoro MOM€HT8 Ha OCHOB€ COOTHOW€HY!H /9/
/14/. 3areM nonylleHHble cneKrpbl o6pa6aTb1Ban~cb no ¢opMyne 

IleKyrepa: 

5/tt 
N(En)dE0 =Const.E 0 •ac(E

0
)exp /16/ 

r A€ En - 3Hepr~R HeillrpoHa, a c (En) - cel.leH\tle o6paTHoro npo~ecca, 

T L - reMneparypa ocraTOllHoro R,Qpa noc.ne 1-1cnapeH1-1R nepsoro 
N(E ) 

HeiilrpoHa. Onpe.Qe!ll-18 1-13 HaKnoHa ln 
57 

n s aaB~CV1MO-
Eu lt,ac (En) 

CT\.1 OT En TeMneparypy TL , MO>KHO H8\.1T\.1 napaMeTpbl nnOTHOCT\.1 
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ypOBHeH H3 COOTHOWeHH~ /8/, ecn~ 8€IlH4HHa 3HeprHH cnapHBSHH~ 
H3BeCTHS, 14 CpSBH\IITb C HCXO,QHbiMI-1 ,QSHHbiMl-1, 3SJlOM<€HHbiMI.1 8 T04-
Hbtt1 pac4eT. O,qHaKo, nocKO!lbKY noKaaaTenb CTeneHV1 n 8 /8/, 
3SBV1C~IlV•U1 OT 4VICna Y4SCTBYI0[4VIX MOM€HTOB, ·~B!l~€TCR npVI TSKOM 
SHSJlVI3€ H€Onpe,qeneHHbtM, TO CJ1€,QyeT Ol\€HHTb o6yCJ10BJ16HHbtH 3TVIM 
B03MO)f{Hb1tl paa5poc 3HS46HVIH napaMeTpOB 

KpoMe TOre, VI3B€CTHO, 4TO napaMeTp nnOTHOCTVI YPOBHeH MOM<eT 
3SM€THO 3SBI-1C€Tb OT 3HepnH1 B036ym,QeHVIR H3-3S 060J104€4Hb1X 
3$Q>eKT08 VI HS!lV14VI~ napHbiX KOPP€11Al\HH, OC06eHHO ,Q11.R OKOJ10-
MSrl.14€CKHX A,Qep. Lho6bt npOMO,Q6IlVIpOBSTb TaKyiO CVITYSL\VIIO, 6btJlVI 
8b16pSHbl HeCKOJ1bKO 8SPHSHTOB pSC46TOB, B KOTOPbiX napaMeTpbl 
nnOTHOCTH ypOBHeH M6H.RilHCb HS pS3HbiX 3Tanax KSCKS,Qa. nocKOJ1b
Ky COOTHOW€H\116 /16/ He .RBil.ReTC.R CTpOrHM, TO H HSKilOH 
I N (En) 
"E;51t!a (E ) n e n 

MeH~eTCR Ha pa3HbiX Y4SCTKSX CneKTpa 3To 03Ha-

4SeT, 4TO VI3811€KS6Mbl€ C nOMOU\biO TSKOrO aHSJ1VI3S napaMeTpb! 6y,QyT 
3S8VIC6Tb OT TOrO, HS KSKOM y4SCTK6 cneKTpa OHVI onpe,Qe11l=I11VI'Cb _ 
B Ta6n. 3 np~t~se,qeHbl peaynbTaTbl pac4eTOB ,q.nA paam14HbiX Ha6opo8 
HCXO,QHbiX napaMeTp08 o 8 nepe:oH KOJ10HKe npJ.1B€AeHbl napaMeTpbl 
nnoTHOCTH yposHetl "' 3HeprVIvt cnapHBSHvtl=l, vtcnonb308SHHbte ,qnr:~ 
paC46TOB B HeHTpOHHOM KSHSJleG 80 8TOpoH VI TP6TbeH KOJlOHKSX 
,QSHbl 3HepreTH46CKHe 1.1HTepsaJlbl H A,Q6PHbt6 TeMnepaTYPbl, onpe,qe
neHHble 8 3TJ.1X 1.1HT6pBa!lax; 8 46T86PTO~, n.RTOH H W€CTOH KOJ10H
KSX np~t~B6,Q6Hbl napaMeTpbl nllOTHOCTH YPOBHeH ,QJl.R pa3HbiX noKa3aTe
JleH ll npe,Q3KCnOH6HltVISJlbHOrO MHO)f{ltiT€JlA B BbrpameHHitl ,QJ1.R nnoT
HOCTH ypOBHe~. 113 TS6JlHltbl BH,QHO, 4TO 8 T€X C!ly\..ISAX, KOr,qa 
napaMeTpbl nJlOTHOCTH ypOBHeH 3SBHC.RT OT 3Heprltlltl /MeH.RIOTCA B 
npoLtecce KacKa,qa/, A,qepHbre TeMnepaTypbr, a cne,qosaTeJlbHO, 1.1 
napaMeTpbl nnon•OCTH YPOBH€11 MOryT CltiJlbHO 0TI1H4aTbC.R B 3SBI.1C~1-
M0CTitl OT TOre, Ha KSKOM Y4SCTKe cneKTpa OHH onpe,C\6Jl.RJlHCb, 
a TSK)f{e OT nOKS3aTeJlJ:I n B /8/. Vf3 npH6JlH>!<€HHOrO SHSJl\.13S no 
Q>opMynaM !8! 1-1 /16/ MOmHo nony4~t~Tb napaMeTpbt a , 6nH3KV!e K 
HCXOAHbrM, sapbVIPYA 3Ha4eH~t~e n HaH6onee 6nl.13KV1e 3Ha4eHH.R 
K 3SJl0)f{6HHbiM \.1CXO,i:\Hb!M ,QSHHbiM nepsoro TV!na, KSK npSBI-1110, H3BJ1e
KSIOTCfl 1113 )f{eCTKOti 4SCTitl cneKTpa ~t~cnapeHH.R !\En = 578 M3B, 
0AHaKO B 3TOH o6nacn1 3HeprHtf 3HS4HT€J1bHbl?i BKJ1S,Q ,QSIOT HepaBHO-
B€CHble npOLI€CCbl, npOlle,Qypa HX OT,Q€11€HI-1.R CB.R3SHa C fiOJlb-
WHMYI OWH6KSMltl. 8 HH>KHei-1 4SCTH Ta6JlV1l\bl npJ.18€,QeHb! peaynb-
TaTbl AI1R 3Kcnep~t~MeHTa!lbHOro cneKTpa. Hasne\..leHHbre napaMeTpbl 
no,qsep)f{€Hbl 3Ha4VITe!lbHbiM sa pHS l\H~M. AHSI10rJ.14Hbli:1 SHS!ll-13 6b1Jl 
npose,qeH AJ1A peaKttH~t~ 181Ta(p,xn) npH Ep= 22 MJB. Ha pHc. 4 
8M€CTe C 3KCnepHM€HTaJlbHblMH ,QSHHbtMH npeACTaBJleHbl pe3y11bTSTbl 
pSC4€TOB ,QJ1A ABYX pS3Jli-14HbiX HaGopOB napaMeTp08, KOTOpbl€ H6-
nJ10XO OnHCbtBaiOT 3KCnepHM6HTa11bHble cneKTPbt, npOHHTerpHpOBSHHbl€ 
no yrnaM/ 14/. CseT!lbiMH KPY)f{KSM\.1 now::aaHbl nonHbre cneKTpbl, TeM-
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Ta6mm;a 3 

CpasHei-me rrapaMeTpos rrnoTHOCTH yposHeH, orrpe.o;eneHHhiX 
no ¢lopMyne 11eKyTepa I 161 ,r::vur pa3nH'Y:Hhrx y'Y:aCTKOB crreKTpOB 
H rroKa3a TeJUI n B I 81, c HCXOAHhiMH ,v;aHHhlMH, HCIIOJih30BaHmiMH 

npH TO'Y:HOM paC"Y:eTe 

24,20,18,16,12 

-0,01 

D.,=I8,0; 
24,4; 

O,.c 5 = 24,2; 

=-D,8 
24,3; 

24,0 

s =1,2;0;1,2;0 

=12,3; =0 
24,4; .24,3; 

24,2; 24,0 

=1,2;0;1,2;0 

a;_ =18,0 

s, =-0,8 

s, :0 

axcnepD'IeHT 

1+8 

1+4 

5+8 

1+8 

1+4 

1+8 

1+4 

5+8 

Tr 

MoB 

1,26 

1,29 

1,216 

1,32 

1,20 

1,40 

1,56 

1,31 

I, 77 

1+8 1,39 

1+8 I ,23 

1+4 I,IO 

5+8 I ,36 

2I,8 

20,8 

23,-3 

20,1 

24,1 

17,8 

14,3 

19,9 

10,8 

18,3 

22,8 

28,4 

18,8 

22,3 

21,3 

23,7 

20,5 

24,6 

]8,2 

14,7 

20,4 

Il,2 

I8,? 

23,3 

28,9 

!9,2 

23,6 

22,6 

25,I 

21,7 

26,0 

19,4 

15,8 

21,8 

12,! 

20,0 

24,6 

30,4 

20,4 

Hb!MY1 - BKJla,Q paBHOBeCHOi1 KOMnOHeHTbl Pe3yJ1bTaTbl aHaJH-13a ,QJlA 

3TY1X ABYX Kpi4BbiX BMeCTe C 14CXO,QHbiMI4 ,QaHHbiMY1 B HeHTpOHHOM Ka

Hane A11A Kam,Qoro 3Tana ~t~cnap~t~TeJlbHoro KacKa,Qa npe,QcTasneHbr 

a Ta6n. 4 . 
.QnA aToporo Ha6opa 14CXOAHbiX ,QaHHbiX 6brn npose,QeH pac4eT 

c APYr~t~M 3Ha4eH~t~eM 3HeprY114 cnapY1BaHY1A 0 = 1,0 M3B, B~t~AHO, 4TO 
pe3yJ1bTaTbl 3aMeTHO OTJ1144aiOTCA ,QJlA pa3HbiX 3Ha4eHI4i1 noKa3aTeJ1.A. 

KpoMe TOrO 1 KaK OTMe4aJ10Cb B pa6oTe /12/. Tpa,QI4L\140HHbla:i aHaJ1143 

Ha OCHOBe COOTHOWeH14FI BaHCKOn¢a /1/ ,QaeT OTpY11..1aTeJ1bHblill 3HaK 

da da 
npOI43BO,QHOi1 dB , TOr,Qa KaK npl-1 T04HOM aHaJ1143e 3HaK -ci§' 

ll 
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PHc. 4. CrreJ<TPbi HeHTpoHOB B peaK
IJ;HH f81Ta(p,xn) IlpH 3HeprHH ITpOTQ

HOB EP = 22 M3B, pacc'llHTaHHbie c 

ABYMR Ha6opaMH rrapaMeTpOB nnoT
HOCTH YPOBHeH, npHB€A€HHhWH B 
Ta6JI. 4 J H 3KCIT€pHM€HTaJibHble 

,o;aHHbie ' 14/. CBeTJibie KPYJKKH - rron
HhiH Cll€KTp, TeMHbi€ - BKJia,D; paBHO

BeCHDfi KOMITOH€HTbl • 

ecerAa nono~~TeneH, 4TO o6ecne-
4~eaeT nocTORHHY~ nnOTHOCTb ypoe
He~ np~ ABHHO~ 3HeprHH. AHano
rH4H8R 38BHCMM0CTb Ha6n~A88TCR 
111 a HaweM cny4ae /2-R 1-1 3-R 
CTpOKH B Ta6n. 4/, 8 Ta6nM~€ 

6
.._ npl-188A€Hb1 T8K}I(8 napaMeTpbl, 11138118-

-E.~·;:.;;[;- 48HHbl8 1113 3KCnepvtM8HT8 B pa6o-
T8 /14/ B Ta6n. 5 npeACTaene-

Hbl p€3YilbT8Tbl 8H8JlOn14HOrO 8H8J1H38 Allfl peaKL(HH 238 U(n, 3n) 
npl-1 ::mepnH1 He~1TpOHOB En= 14 M3B 0 napaMeTpbl pac4eTOB 6pam1Cb 
Ha OCHOBe Ct.1CTeMSTt.1Kt.1 ·'s/. Mbl Bt.1At.1M, 4TO, KaK 1.1 8 npeAbiAYU4l-1X 
CJ1y4S.RX 1 OnpeAeJl.ReMble napaMeTpbl Cy~eCTBeHHO 3aBt.1CfiT KSK OT 
o6nacTt.1 t.-~x onpeAeneHl-1fl, TaK t.1 OT noKa3aTenfl n CneAyeT TaKme 
OTM€Tt.1Tb, 4TO Allfl o6.naCT!t1 fiAeP B pa~OHe 238 TJ npFIMble npo~eCCbl 
AaiOT 3SMeTHbtV! BKJlSA yme npt.-~ 3Heprt.-~f!X He~TPOHOB OKOJ10 4 M3B, 
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Ta6m·nJ;a 4 

CpaBHeHHe napt1MeTpcm nJIOTHOCTH ypoHHeti TO'L!Horo pacqeTa 
H npH6JlHJKemwro aHaJJH3a I 16/ .o;nR peaKniJ:H 181 Ta(p,xn), 
Ep=22 H3B 

Mcxo.Il.!We ).taHHble E 

H8ATPOHHOM KaHa~e 

il =2o,r9,<o 

2 =-U,4,0,4;-u,4 

0 .. =24,0;24,U;24,0 

5' =-0,4;0,4;-U,4 

cc =24,0;24,0;24,0 

" t_ :.+1,0 

3KCDepm.!eH,.II4/ 

A f:.,. IL 
:~aB MsB 

l+B !,055 

1+8 U,96 

!+8 0,96 

1,03 

a. MsB-r---

n =1 IL =5/4 ft._..:.2 

2(),1 20,5 22,6 

<3,5 24,2 25,8 

22,1 22,C 

20, 01+0,63 21 ,6.t0,68 



Ta6nHu;a 5 
238 

rrpH E :14 M3B To lKe, qTo ll B Ta6n.3,4 AJ!ll peaKIJ;HH U (n, xn) 
n 

MCXO,IUUl€ Jl.8HHH6 B !'> E" TL MaB-
HenTpOHHOM K8HSA€ MoB MaB 11 ::::1 I) =5/4 Y'~..-=2 

a =25,0;24,4;24,6 1+7 0,80 23,0 23,6 25,6 
n 

={!,4;-0,25;0,4 1+4 0~83 21,3 21,8 .24,0 0 
4+7 o. 76 24,5 26,0 28,0 

3. BbiBOilbl 

nposeAeH TeopeT~~ecK~~ aHan~a cneKTPOB a peaK~~Rx c a~ne
TOM H€CKOilbK~X 4aCT~~: 181 Ta(a,xn) np~ 3Hepr~~ anb$a-4aCTH~ 
Ea= 45 M36, 181 Ta(p, xn) npH 3HeprHH npOTOHOB 22 M3B H 238 U(n,3n) 

npH 3Hepr~~ HaneTai01!4HX He~TPOHOB En= 14 MsB 0 Pac4eTbl npoBOA~
n~cb B MO,Q€!1~ KaCKaAHOrO ~cnapeH~A He~!TpOHOB C T04HbiM y~eTOM 
yrnOBOrO MOM€HTa ~ KOHKypeH~\.1\.1 C pacna,QOM no pa,qHa~HOHHOMy 
KaHany, a TaK)!(e c BbrneTOM npoTOHOB H a.nb¢a-4aCTH~o B paMKax 
e,Q~Horo no,Qxo,qa y,qaeTcA xopowo onHcaTb sKcnep~MeHTanbH~e ,qaH-
H~e no cneKTpaM He~TpOHOB 8 peaK~HAX (a,Xll) ~ (p,xn) Ha 181 Tao 
nony4eHHbre cneKTPbr aHan~3vtposanHcb Ha ocHoee npvt6.nvt>KeHHOro 
COOTHOW€HVIA DeKyTepa /15/, OTKyAa onpe,Q€IlAilaCb A,Q€pHaA TeMne
paTypa, a 3aTeM napaMeTp nnOTHOCT\.1 ypOBH€~ ~3 ypaBH€HHA /8/ 
AilA ocTaT04Horo rr,qpa noc.ne ~cnapeHHR nepeoro He~TPOHao noKa-
3aHo, 4TO I-13BI1€KaeMbl€ napaMeTp~ 3a81-1CRT OT TOrO, Ha KaKOM 
y~aCTK€ CneKTpa Onpe,Q€IlAIOTCR; ,QnR H€KOT0p~X Ha6op08 HCXO,QHbiX 
,QaHHbiX OHYI MOryT ,QOBOilbHO CHilbHO OTJlH~aTbCfl. KaK npaBI.1J10 7 

Havt60nee 6!1H3Ki-1MVI K i-1CXOAHbiM nOJly~aiOTCR napaMeTpbl, H3BJ1€Kae
M~€ 1-13 >K€CTKOH ~aCTH cneKTpa" 3Ha~eHHR napaMeTpOB 3aM€THO Me
HRIOTCR TaK>K€ B 3aBHCHMOCTH OT B€J1H~HHbl Il 1 C8R3aHHO~ C npe,q-
3KCnOH€H~Hailb HbiM MHO>I<HT€J1€M 8 Bblpa>KeHHH Ail A n.nOTHOCTH YPOBHeH o 
3Ha4€HHR napaMeTpOB, COBna,QaiO~He C HCXO,QHblMH ,QaHH~M\.1 7 MO>KHO 
nony4HTb, eapbHPYR n , O,qHaKo AilR pasH~X Ha6opoe HCXOAHblX 
,QaHHbiX \.1 pa3Hb1X peaKU,HH :.:.T\.1 3Ha4eH~R Il pa3Hbl€ o 

TaK~M 06pa30M, MO~HO CKa3aTb, 4TO HCnOnb30BaHH€ AJ1A aHa.nH
aa cneKTPOB HcnapeHHR ynpo~€HH~X npH6nH>K€HYIH /1/, /15/ MO>K€T 
,QaTb OWYI60~Hbl€ 3Ha4€HHR napaMeTpOB n.nOTHOCTI-1 ypOBHe~ o /lnR TQI.f
HOrO onpe,qeneHHR 3T~X napaMeTpOB He06XOAI-1MO npi-1MeHRTb Teop~~, 
8 KOTOpOH yrnOBO~ MOM€HT y~~TbiBaeTCR CTporo, a TaK>Ke ~CnOJ1b3y
€TCR COOT8€TCTBY~~aR CnHHOBaR 3aBYICYIMOCTb nJlOTHOCTH ypOBH€~o 
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noKa3aHO, 4TO Ha-aa sn~RHHR yrnosoro MOM€HTa BKnaA paAHa~HOH
HOrO KaHana peaKo eoapacTaeT, oco6eHHO Ha nocneAHHX 3Tanax 
HCnapHTenbHOrO KaCKBAa, rAe OH CTSHOBHTCR npeo6naAa~~HMo 

ABTOp~ npH3HaTenbH~ 6.HHnbCCOHY aa npeAOCTaBneHHe nporpaM
M~ 0ROOI-2,H.~.mHpHKOeoH H O.B.rpywe aa noMo~b npH nposeAeHHH 
paclleTos. 
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